Introduction {#S0001}
============

Thoracic surgery procedures are associated with significant operative trauma. Many of them are conducted using thoracotomy approaches, classified by procedural guidelines for acute postoperative pain management as procedures associated with significant tissue damage (group III). This entails that the patients undergoing such procedures should be expected to experience pain exceeding 4 points on the Numeric Rating Scale for pain assessment, which can persist for over 72 h \[[@CIT0001]\]. Methods of managing pain in the surgical area after the said procedures have already been established and well described. However, postoperative ipsilateral shoulder pain after thoracic surgery procedures constitutes a separate problem which is rarely tackled by the literature. Interestingly, the issue pertains to most patients undergoing thoracotomy; its prevalence varies greatly, and has been estimated at between 42 and 97% by literature reports \[[@CIT0002], [@CIT0003]\].

Ipsilateral shoulder pain occurring on the operated side in the immediate postoperative period or developing within 2 h after surgery \[[@CIT0004]\] is most commonly located in the region of the deltoid muscle on the posterior or superior surface of the arm or above 1/3 of the lateral part of the clavicle on the anterior surface of the chest. Patients who suffer from ISP describe it as a dull, stabbing pain of moderate to severe intensity, which is reflected by the Numerical Rating Scale (NRS) for pain assessment, on which ISP often exceeds 7 points. Other ailments may also be present within the same region, including hyperesthesia or even allodynia (a feeling of pain resulting from stimuli which do not provoke pain in healthy persons), hypoesthesia, dysesthesias (unpleasant feelings of pain appearing spontaneously or evoked by a stimulus), and reduced mobility in the area of the shoulder joint. Despite the relatively high prevalence of the described complication, the pathophysiology of its development has yet to be convincingly explained. Medical literature offers several competing theories concerning the causes behind ISP. Some authors postulate that the culprit is the patient\'s position required by the surgery: the so-called lateral decubitus position, in which the patient lies on the side opposite to the operated one with the ipsilateral upper extremity raised and stabilized on a support ([Fig. 1](#F0001){ref-type="fig"}). The resulting additional arcuation of the patient at the level of the scapular angle enables better access to the pleural cavity by widening the intercostal spaces but is also associated with mechanical injuries of shoulder joint ligaments and with pulling on the structures of the brachial plexus \[[@CIT0005]\]. Other suspected causes include the intraoperative irritation or injury of the phrenic nerve \[[@CIT0006]\], pleural irritation or injury in the vicinity of the pericardium, mediastinum, or the diaphragm \[[@CIT0004]\], and main bronchial rupture \[[@CIT0002]\]; the significance of inflammatory \[[@CIT0002]\] and neuropathic \[[@CIT0007]\] factors has also been theorized. The association between ISP and the phrenic nerve appears to be best supported by the evidence gathered so far \[[@CIT0006]\].
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Apart from its considerable prevalence, ISP also poses a challenge due to its relatively strong resistance to standard post-thoracotomy treatment -- increasing the dosage of epidural analgesia does not yield satisfactory results, nor does the intravenous administration of opioid agents \[[@CIT0003]\]. The methods for managing ISP are varied, which can mostly be explained by the fact that the majority of them depend on the suspected cause of the ailment. They include the intravenous and intramuscular administration of non-steroidal anti-inflammatory drugs (NSAIDs), the administration of preemptive analgesia followed by the continuation of treatment \[[@CIT0003]\], the use of a single loading dose of gabapentin before surgery \[[@CIT0007]\], intrapleural infusions of local analgesics \[[@CIT0004]\], intraoperative injections into the vicinity of the phrenic nerve \[[@CIT0006]\], as well as the use of interscalene brachial plexus block \[[@CIT0008]\] and suprascapular nerve block \[[@CIT0005]\]. The use of opioid analgesic adjuvants as part of a multimodal treatment for postoperative pain has been postulated as well \[[@CIT0009]\].

The aim of this study was to evaluate the prevalence of ipsilateral shoulder pain after thoracic surgery procedures in patients operated on at our center and to determine predictable risk factors for its occurrence.

Material and methods {#S0002}
====================

This observational retrospective study encompassed 68 patients, including 58 men and 10 women, aged 25-80 years, undergoing thoracic surgery procedures (VATS or thoracotomy) at the Clinic of Thoracic Surgery of the Medical University of Silesia in Katowice between March and May 2009. The data were obtained by analyzing medical archives -- medical histories and Acute Pain Service records evaluating the efficacy of the employed analgesic treatment. The patients were divided into 2 groups, depending on the presence of postoperative ISP. Group I encompassed patients in whom no ISP was observed (82%), while group II was composed of patients with ISP (18%). The assessment included patient height, body weight, and BMI, the presence of concomitant diseases (diabetes, neuropathy, rheumatoid arthritis), procedure type (video-assisted thoracoscopic surgery or thoracotomy), surgery duration, the type of regional anesthesia, and catheter placement level if epidural block was used. The presence of ipsilateral shoulder pain was evaluated before and after the surgery, at rest and during movement, both before and after the administration of medication. Pain intensity was reflected by numerical scores on the NRS.

Statistical analysis {#S20003}
--------------------

Statistical analysis was conducted with Statistica 10.0 PL software. In order to compare the parameters between the study groups, Student\'s *t*-test for independent samples was applied to values with a normal distribution. For values with a distribution other than normal, the Mann-Whitney *U* test was used. Pearson\'s χ^2^ test was used to compare the size of the study groups. The results are presented as absolute numbers and percentages, mean and standard deviation. A *p* value of \< 0.05 was considered statistically significant.

Results {#S0004}
=======

There was a statistically significant difference between the groups with regard to BMI, which was 24.67 kg/m^2^ and 27.68 kg/m^2^ in group I and II, respectively ([Table I](#T0001){ref-type="table"}).

###### 

Ipsilateral shoulder pain prevalence and BMI

                                      Group I        Group II       *p*
  ----------------------------------- -------------- -------------- -------
  BMI (kg/m^2^) (mean ± SD)           24.67 ± 4.23   27.68 ± 5.67   0.049
  VATS number of cases \[%\]          17 (100%)      0 (0%)         0.026
  Thoracotomy number of cases \[%\]   38 (76%)       12 (24%)       

The percentage of patients with ISP varied significantly depending on the type of surgery. Among thoracotomy patients, it was 24%, while among patients undergoing video-assisted thoracoscopic surgery it was 0%. ISP occurred significantly more often in patients with epidural catheters inserted into an intervertebral disc space below Th5 (40.47%), in comparison to patients in whom the catheter was located at the level of Th5 or higher (4.35%) ([Fig. 2](#F0002){ref-type="fig"}).
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In turn, no statistically significant differences were noted between the groups with regard to the remaining parameters.

Discussion {#S0005}
==========

The goal of this retrospective study was to evaluate the prevalence of ipsilateral shoulder pain after thoracic surgery procedures (VATS or thoracotomy) in the population of patients operated on at our center, as well as to establish the risk factors for ipsilateral shoulder pain occurrence, which have not yet been convincingly determined. The conducted study indicated that, in the general population of patients undergoing thoracic surgery procedures at our center, ipsilateral shoulder pain is relatively rare in comparison with the prevalence of this ailment reported by other authors; however, if only patients undergoing thoracotomy are taken into account, our results are in accordance with other reports. A significantly higher prevalence of ISP was noted among patients with higher BMI, which may corroborate its association with the physical strain and pulling on the shoulder joint ligaments suggested by Tan *et al*. \[[@CIT0005]\]. The same authors also point to the fact that introducing suprascapular nerve block results in the immediate reduction of ISP intensity in some patients \[[@CIT0005]\] -- perhaps increased BMI could allow for the identification of this patient group. Furthermore, a significantly lower prevalence of ISP was demonstrated in patients undergoing thoracotomy under epidural analgesia with catheters introduced at the level of Th5 or higher. This may confirm the reports of some authors, who suggested the existence of a relationship between ipsilateral shoulder pain and pain transmitted via the phrenic nerve and referred to the shoulder \[[@CIT0006]\]. Moreover, the placement of the catheter for continuous epidural analgesia is a modifiable factor; this allows for the achievement of satisfactory results without the need for administering non-steroidal anti-inflammatory drugs, which are associated with a number of side effects \[[@CIT0003]\].

In conclusion, the conducted study has demonstrated that the prevalence of ipsilateral shoulder pain in patients operated on at our center is lower than that reported in the literature and amounts to 24%. What is more, considering the results of this study, it is worthwhile including the following actions in the planning of pain management in patients qualified for planned thoracotomy:evaluate BMI, thus determining whether there is an increased risk of postoperative ISP occurrence,consider the potential advantages resulting from inserting the catheter for continuous epidural analgesia at the level of Th5 or higher.

One limitation of the presented study is the small size of the examined sample and the method of gathering data -- we plan to verify the presented conclusions by conducting a randomized prospective study on a larger group of patients undergoing thoracic surgery procedures.
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